— European Energy Research Alliance

Technologies for Net Zero
Emissions

Dr. Nils A. Rokke
President EERA

19 October 2023, GSEU Day, Brussels, BE




Catalyzing European energy research to achieve a
climate neutral society by 2050

EU’s privileged energy research authority

EERA | General Presentation - 2023




EERA coordinates activities among
18 Joint Programmes spanning the
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17 October 2023 | 9.00 - 13.00 CEST

Welcome coffee and registration

Welcoming remarks
Nils Rekke - President, EERA

Keynote speeches
« Salla Saastamoinen - Deputy Director-General, JRC, European Commission

« Sandrine Dixson-Decleve - Co-President, Club of Rome

« Philippe Lamberts - Member of the European Parliament, Co-President of the
Greens/EFA

» Paula Pinho - Director Just Transition, Consumers, Energy Security, Efficiency
and Innovation, DG ENER, European Commission

EERA Energy Demand Reduction Report and Critical Raw Materials
Analysis
Adel El Gammal - Secretary General, EERA
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The Energy Trilemma
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War in Europe

Change in priorities

Climate and
Environment

Sustainability

Compete-

tiveness

supply

i
I'Ti
'
AJ
>

I
i
.

; European Energy Research Alliance

——— —_—

ill
i

Climate and
Environment

Sustainability

Security of

Compete-
tiveness



qu Countries  Energys oW

The path to limiting glob
warming to 1.5 °C has EXECUTIVE
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Technology for a better society



Historical emissions from 1950, projected emissions in 2030 based on nationally
determined contributions, and emission reductions required by the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change

70

UNFCCC Global
Stocktake
report 2023 -
significant gaps
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A roadmap to net zero by 2050 1ed

® Clean energy growth results in:
* No need for new unabated coal power
* No need for new oil and gas fields

® Key global ambitions for this decade:

* Triple renewables capacity
S 40 * Double energy intensity improvements
O * Cut methane from fossil fuels by 75%
5 » All new heavy industry capacity near-zero-emissions capable
30 ® Benchmarks for the Global Stocktake and NDCs:
* Advanced economies CO, declines 80% collectively
* Emerging & developing economies CO, declines 60% collectively
20 The energy system transformed: @
* Power generation 90% renewable
* Nuclear capacity doubled
* Energy consumption 50% electrified
10 * Annual removals of 1.7 Gt CO,

2020 2025 2030 2035 2040 2045 2050
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Strong growth in clean energy drives a decline in fossil fuel demand

Clean energy investment

(trillion USD)
X 2.6
45
3.0
15 ol

2023 2030

Primary energy demand
(EJ)

Fossil fuels
2022 2030 2050

Clean energy investment needs to grow from USD 1.8 trillion today to USD 4.5 trillion in 2030. As clean energy
grows and fossil fuel demand declines, there is no need for investment in new coal, oil and natural gas.
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The path to 1.5°C has narrowed, but clean energy growth is keeping it open &)

Electric car sales Solar PV capacity additions
(million) (GW)
15 360
10 240
) 120
2010 2015 2023 2010 2015 2023

Global CO, emissions reached a record high in 2022, but the speed of the roll-out of key clean energy technologies
means that coal, oil and natural gas will all peak this decade even without any new climate policies.
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Clean technology supply chains present an industrial opportunity ed

Announced manufacturing project throughput and deployment of key technologies in the NZE Scenario

Solar PV
Batteries
Electrolysers
Wind

Heat pumps

50% 100% 150%

If all announced projects proceed, solar PV manufacturing will exceed the 2030 level needed in the NZE Scenario,
and batteries manufacturing will get very close; other technologies see larger gaps.



World Electricity Sector - IEA Net Zero Emissions by 2050, Sept 2023

TWh electricity
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The cost of PV modules has decreased enormously the last decade
making solar together with wind the cheapest energy source
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Wind energy development EE tRA
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Figure 1. Total installed wind power capacity by the end of 2022 in IEA Wind TCP countries.
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Wind energy evolution costs

(onshore and offshore)

Figure 2.1 Global weighted average total installed costs, capacity factors and LCOE for onshore wind, 2010-2022

Levelised cost of electricity

Total installed cost Capacity factor
3500 Bb0% 0.15

— 50%

[ =
= 5
= S 2
= = S
B4 = @
g 2 S
™
=3 o
I~
= 8 . =
20% ——
500 10%
0.00
0 0%
OO WeO0O e o O W OO o O W0, O
o I T B e e B B B B R B | I T B e e B B B B B B | o B B e B B B B e B B B
cooocoocooCcoooooO0o cooocoocoocoOoOooOoO0 Lo N e T e B e T e e e e O e e e i
ARNNANNS NSNS NS S ARNNANNSS NSNS S AN NNSN SN S SN

R European Energy Research Alliance

= Wind Energy

Figure 4.1 Global weighted average and range of total installed costs, capacity factors and LCOE for offshore
wind, 2010-2022
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» Sources : Report on Renewable Power Generation Costs in 2022, IRENA, August 2023
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China mines 70% of
rare earth concentrates .. and refines 91% HOME WORLD US COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HTSI
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Financial Times, 230923

China dominates global rare earths production

Stay one step ahead
Subscribe today and navigate your world with confidence

EXPLORE OL

::.":: EU-China relations
In wing . . . . .
EV mo EU considers anti-subsidy probe into Chinese

Europe’s wind power companies have argued that cheap Chinese imports are pushing their own turbine manufacturers to the brink
of collapse © Christian Charisius/AFP/Getty Images

Alice Hancock and Andy Bounds in Brussels OCTOBER 6 2023 [ ne =
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We have the tools to go much faster Ied

Emissions reductions by measure by 2030 in the NZE Scenario

Renewables

.-"/""’

Efficiency and
electrification

Energy-related greenhouse gas emissions peak by 2025 and decline by nearly 40% from today to 2030.
Proven solutions available today deliver over 80% of what is needed this decade.
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We have the tools to go much faster Ied

Renewables installed Annual energy intensity Methane emissions from
capacity (GW) improvement fossil fuel operations (Mt)

2022 2030 2022 2030 2022 2030

Energy-related greenhouse gas emissions peak by 2025 and decline by nearly 40% from today to 2030.
Proven solutions available today deliver over 80% of what is needed this decade.
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But- can everything be solved by growth?

IIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Rethlnklng Growth: Is
Degrowth The Answer To
A Sustainable Future?

Nils Rokke Contributor ®
I write about the global energy transition and net-zero m
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Is continuous growth compatible with our sustainable development goals?
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Energy Demand
Reduction as
part of the Clean
Energy Transition
in Europe:

Research and Policy Strategies

Policy analysis

Securing sustainable
critical raw material
supply for clean

energy in Europe

Contoxt overview and roks of ressarch
and innovation in solar PV, wind, hydrogen,
batteries and power electronics
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“We are
confronted with
the fierce
urgency of now...

THIS IS A TIME

FOR VIGOROUS
AND POSITIVE
ACTION.”

MARTIN LUTHER KING JR.
#MLKDAY
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